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@ Method for production of dielectric separation substrate. 



@ Single crystal silicon islands in a dielectric- 
separation substrate are separated completely 
and finished rn a unlfomi thickness by preparat- 
orily denuding a single crystal silicon substrate 
of a warpage sufTered to occur therein. 

This dielectric-separation substrate is pro- 
duced by a method which comprises fomiing a 
themial oxide film on a single crystal silicon 
substrate having grooves incised in advance 
therein, then fomiing an irreversibly thermally 
shrinkable film on the rear surface of said single 
crystal silicon substrate prior to depositing a 
polycrystafline silicon thereon, then depositing 
a polycrystalline sQicon on said single crystal 
silicon substrate, and thereafter grinding said 
single crystal silicon substrate in conjunction 
with said irreversibly thenmally shrinkable film. 
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BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

This invention relates to a method for the produc- 
tion of a dielectric-separation substrate possessed of 
a supporting member made of polycrystalline siliicon 
and intended for use in a semiconductor integrated 
circuit. 

DESCRIPTION OF THE PRIOR ART 

Generally, in the semiconductor integrated cir- 
cuit, since circuit elements such as transistors, 
diodes, and resistors are integrally formed in a part of 
a single crystal substrate, these integrated circuit ele- 
ments must be electrically insulated and separated. 
As means for the mutual separation of the elements, 
the pn junction separation, the dielectric separation, 
etc. are available. The dielectric separation has the 
advantage of a high voltage breakdown and a small 
parasitic capacitance as compared with the pn junc- 
tion separation and, therefore, permits production of 
a semiconductor Integrated circuit of a high voltage 
breakdown, a large capacity, and a high operating 
speed. The utilization of this method, therefore, has 
been drawing attention. 

The conventional method for the production of a 
dielectric-separation substrate, as illustrated in Fig. 2 
a to Fig. 2 c, comprises incising grooves 15 in a single 
crystal silicon substrate 14, then depositing a polyc- 
rystalline silicon on the surface of the single crystal 
silicon substrate 14 including the grooves 15 thereby 
forming a polycrystalline silicon layer 1 7, further grind- 
ing the surface of the polycrystalline silicon layer 17, 
and subsequently grinding the rear surface of the 
single crystal silicon substrate 14 till the bottom parts 
of the grooves 15 thereby giving rise to separated 
single crystal silicon islands 18 and completing a 
dielectric-separation substrate 19. 

In the method described above, when the polyc- 
rystalline silicon is deposited at an elevated tempera- 
ture on the single crystal silicon substrate 13, a 
warpage exceeding 100 n m occurs in a 4 inch wafer. 
The substrate sustaining this warpage fails to adhere 
fast through the medium such as of wax to a glass 
plate during the grinding of the surface of the polyc- 
rystalline silicon layer 17 or the surface of the single 
crystal silicon substate 14. If the grinding is carried out 
In spite of the warped substrate, the single crystal sili- 
con islands 18 have uneven thicknessess as illus- 
trated in Fig. 4 and, at times, these single crystal 
silicon islands 18 may be incompletely separated. 
When dielectric-separation substrates of such a 
defective quality are used, semiconductor integrated 
circuits cannot be manufactured in a satisfactorily 
high yield. For the solution of this problem, Japanese 
Patent Publication SHO 56(19B1)-35,024 discloses a 



method which comprises alternately superposing 
polycrystalline silicon layers and oxide films. Since 
the step for deposition of polycrystalline silicon is 
complicated, this method suffers from high cost and 
5 poor productivity. 

SUMMARY OF THE INVENTION 

This invention, conceived in the urge to solve the 
10 problem mentioned above, aims to provide a method 
for producing a dielectric-separation substrate pos- 
sessed of completely separated single crystal silicon 
islands of a uniform thickness by divesting the sub- 
strate of an undesirable warpage. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

The other objects and characteristic features of 
the present invention will become apparent as the dis- 
20 closure is made in the following description of a pre- 
ferred embodiment of the invention, as illustrated in 
the accompanying drawings werein: 

Fig. 1 is a cross section illustrating a process as 
one embodiment of this invention in the production of 
25 a dielectric-separation substrate. 

Fig. 2 is a cross section illustrating a conventional 
process for the production of a dielectric-separation 
substrate. 

Fig. 3 is ^ ,:rc33 3ec;;cn iiiuscraiing a substrate 
30 which has sustained a warpage during thedeposition 
of polycrystalline silicon. 

Fig. 4 is a cross section illustrating a dielectric- 
separation substrate obtained by grinding a single 
crystal silicon in the state shown in Fig. 3. 

35 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

This invention is directed to a method for the pro- 
40 duction of a dielectric-separation substrate having a 
supporting member made of polycrystalline silicon, 
characterized by forming a thermal oxide film on a 
single crystal silicon substrate having grooves incised 
in advance therein, then forming an irreversibly ther- 
ms mally shrinkable film on the rear surface of the single 
crystal silicon substrate prior to depositing polycrys- 
talline silicon, subsequently depositing polycrystalline 
silicon on the single crystal silicon substrate, grinding 
the surface of the deposited polycrystalline silicon 
50 layer, and thereafter grinding the single crystal silicon 
substrate in conjunction with the irreversibly thermally 
shrinkable film. 

The term "irreversibly themnally shrinkable film" 
as used herein refers to a filmy deposite which is for- 
55 med on the rear surface of the single crystal silicon 
substrate and which, during the growth thereof. 
Induces the phenomenon of thermal shrinkage simi- 
lariy to that which occurs on the surface and in the 
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interior of a sintered alloy during the course of heating. 
This thenmal shrinttage is irreversible in behavior. 

The irreversibly thermally shrinkable film of this 
invention as a substance comprises silicon nitride or 
silicon oxynitride (SiO^Ny. providing Y/XS 2). The film 5 
is deposited on the surface of the single crystal silicon 
substrate by the plasma CVD method at a tempera- 
ture in the range of from 300° C to 450" C or by the 
LPCVD method at a temperature in the range of from 
650°C to 850«C. 10 

In this invention, since the irreversibly themnally 
shrinkable film is formed on the rear surface of the 
single crystal silicon substrate in advance of the dep- 
osition of polycrystalline silicon on the single crystal 
silicon substrate which has grooves incised therein is 
and has undergone thermal oxidation, the irreversibly 
thermally shrinkable film succumbs to themial shrin- 
kage during the deposition of the polycrystalline sili- 
con layer and consequently causes the substrate to 
generate a force tending to warp itself convexly 2o 
toward the polycrystalline silicon layer side. In conse- 
quence of the shrinbkage of the polycrystalline silicon 
layer deposited at the same time, the substrate gen- 
erates a force tending to warp itself con cave ly toward 
the polycrystalline silicon. As a result, these two warp- 25 
ing forces offset each other and divest the substrate 
of any warp. The substrate of single crystal, the polyc- 
rystalline silicon layer deposited on the front surface 
side, and the irreversibly thermally shrinivabie film 
deposited on the rear surface side, during their cool- 30 
ing, produce a delicate unbalance of inner stress due 
to their mutually different thermal expansion coeffi- 
cients. This unbalance can hardly stand comparison 
with the balance which is held between the inner 
stress and the warpage due to the thennal shrinkage 35 
during the deposition of the polycrystalline silicon 
layer and which constitutes a matter of concern for 
this invention. Fig. 3 depicts a warp occunring con- 
cavely toward the polycrystalline silicon layer side. In 
J. Eiectrochem. Soc. 124, p. 1766 (1977), Suzuki et 40 
al. ascribes this warpage rather to the thermal shrin- 
kage during the deposition of the polycrystalline sili- 
con than to the different thermal expansion 
coefficients. This conclusion may be logically exp- 
lained by a postulate that the grain boundary of the 45 
polycrystalline silicon is thennally shrink during the 
deposition thereof and the polycrystals growing the- 
reon are similariy shrunken. If the substrate in the 
ensuant state is ground, it is allowed to adhere fast 
satisfactorily to the glass plate because of substantial so 
absence of warp from the substrate. Thus, the polyc- 
rystalline silicon layer and then the in-eversibly ther- 
mally shrinkable film and the single crystal silicon 
substrate can be ideally ground and the single crystal 
silicon islands can be fonned in a unifonn thickness 55 
and separated complerely from each other. 

Now, this invention will be described below with 
reference to a working example. 



Fig. 1 a to Fig. 1 o show a process of production 
of the dielectric-separation substrate of this invention. 
First, an n type single crystal silicon substrate 1 
measuring 450 to 750 ^ m in thickness and 1 00 to 1 50 
mm in diameter and having a main surface of (100) as 
illustrated in Fig. 1 a is prepared and n* layers 2 are 
fonned by diffusing Sb or As in the front and rear sur- 
. faces of the single crystal silicon substrate 1 as illus- 
trated in Fig. 1 b. Then, photolithographic oxide films 

3 about 0.6 |i m in thickness are formed as masking 
materials as illustrated in Fig. 1 c and opening parts 

4 are fonned in parts of the oxide film 3 by a PEP treat- 
ment using a glass mask as illustrated in Fig. 1 d. Sub- 
sequently, anisotropic etching is earned out with an 
alkaline etching solution composed predominantly of 
KOH to incise grooves 5 measuring 40 to 75 ^ m in 
width and 28 to 52 n m in depth as illustrated in Fig. 
1 e and then an oxide film 6 is formed by thermal oxi- 
dation as illustrated in Fig. 1 f. At this time, the single 
crystal silicon substrate sustains a warp of 0 to 40^ m. 

Then, an irreversibly thennally shrinkable film 7 is 
formed on the surface of the single crystal silicon sub- 
sfrate 1 not including the grooves 5 as illustrated in 
Fig. 1 g. This irreversibly thermally shrinkable film 7 
exhibits shrinkability at the temperature of deposition 
of the polycrystalline silicon. This film is intended for 
causing the single crystal silicon substrate 1, during 
the next step for depositing the polycrystalline silicon 
on the surface of the substrate 1 including the grooves 
5, to generate a force tending to warp itself convexly 
toward the polycrystalline silicon layer side and pre- 
vent itself from being warped concavely toward the 
polycrystalline silicon layer side because of the shrin- 
kage of the polycrystalline silicon layer. 

The material for the irreversibly thenmally shrink- 
able film 7 assumes shrinkability at the temperature of 
deposition of the polycrystalline silicon which falls in 
the range of from IIOO^C to 1250*C. Silicon nibide 
and silicon oxynitride (SiO^Ny; providing Y/Xa 2) may 
be cited as examples of this material. This film is des- 
ired to have a thickness in the range of from 0.1 to 0.5 
p m. If the thickness of the in-eversibly thermally 
shrinkable film is less than 0.1 n m , the thennal shrin- 
kage at the temperature of deposition of the polycrys- 
talline silicon layer is too small to decrease the 
concave warp of the substrate toward the polycrystal- 
line silicon layer side after the formation of the polyc- 
rystalline silicon layer. If the thickness of the 
irreversibly thermally shrinkable film exceeds 0.5 p. 
m , the thermal shrinkage at the temperature of dep- 
osition of the polycrystalline silicon layer is so large 
that the substrate after the fonnation of the polycrys- 
talline silicon layer is unduly heavily warped convexly 
toward the polycrystalline silicon layer side. 

As means for the fonnation of the irreversibly 
themially shrinkable film 7, the CVD method is desir- 
ably used and the plasma CVD method which is cap- 
able of stably controlling the ratio of silicon atoms and 
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nitrogen atoms or the ratio of silicon atoms, nitrogen 
atoms, and oxygen atoms in the film is used particu- 
larly desirably. The temperature during the formation 
of this film is desired to be in the range of from 30O'C 
to 450'C in the case of the plasma CVD method. 5 
When the film is to be made of silicon nitride, the 
LPCVD method may be adopted for the formation of 
the film. In this case, the film is formed at a tempera- 
ture in the range of from BSCC to SSO^C. 

Then, a potycrystalline silicon is deposited by the io 
epitaxial method to form a polycrystalline silicon layer 
8 on the surface of the single crystal silicon substrate 
1 including the grooves 5 as illustrated in Fig. 1 h. Dur- 
ing the formation of the polycrystalline silicon layer 8, 
the substrate is caused by the shrinkage of the polyc- i5 
rystalline silicon layer to generate a force tending to 
warp itself concavely toward the polycrystalline silicon 
layer 8 side. Since the irreversibly thermally shrink- 
able film 7 fonmed on the rear surface of the single 
crystal silicon substrate 1 is thermally shrunken dur- 20 
ing the deposition of the polycrystalline silicon at the 
temperature of the deposition as described above, 
however, the substrate is caused to generate a force 
tending to warp itself convexly toward the polycrystal- 
line silicon layer 8 side. As a result, these warping for- 25 
ces offset each other and the substrate is divested of 
a warpage substantially cciTipletely. The warpage of 
the substrate after cooling is desired to be in the range 
of from 0 to 80 ^ m toward the polycrystalline silicon 
layer 8 side. If the size of the warpage exceeds 80ii 3o 
m , the single crystal silicon substrate 1 cannot be 
satisfactorily ground because the substrate In the 
subsequent grinding step fails to adhere fast to the 
glass plate. Thus, the produced single crystal silicon 
islands have no uniform thickness and are not con> 35 
pletely separated. 

The temperature of deposition of the polycrystal- 
line polycrystalline silicon is desired to be in the range 
of from noCC to 1250''C and the thickness of the 
polycrystalline silicon layer 8 is desired to be in the 40 
range of from 400 to 700 ^ m . 

The size of the warpage of the substrate is varied 
not only by the thickness of the polycrystalline silicon 
layer 8 and the thickness of the inreversibly thermally 
shrinkable film 7 but also by the thickness and diame- 45 
terof the single crystal silicon substrate 1. The liability 
of the substrate to warp decreases in accordance as 
the thickness of the single crystal silicon substrate 1 
increases and this liability increases in accordance as 
the diameter of the single crystal silicon substrate 1 so 
increases. 

Then, the surface of the polycrystalline silicon 
layer 8 is ground as illustrated in Fig. 1 i. This grinding 
is canried out by the conventional grinding technique 
with the surface of the polycrystalline silicon layer 8 55 
turned upwardly and the substrate held in contact with 
the glass plate 9 through the medium such as of wax. 
The reason for adopting this particular method of 



grinding is that during the next step for grinding the ir- 
reversibly thermally shrinkable film 7 and the single 
crystal silicon substrate 1 , the surface condition of the 
polycrystalline silicon layer 8 adhering to the glass 
plate 9 affects the condition of smoothness of the sur- 
face of the single crystal silicon substrate 1 and. 
therefore, the surface of the polycrystalline silicon 
layer 8 must be smoothened in advance of the grind- 
ing. Since the warp of the substrate is so smalt as to 
fall in the range of from 0 to 80 fi m , the substrate can 
adhere with fully satisfactory fastness to the glass 
plate 9 and, as a result, the surface of the polycrys- 
talline silicon layer 8 can be ground smoothly. The 
thickness of the polycrystalline silicon layer 8 to be 
removed by grinding (stock for grinding) is desired to 
be approximately in the range of from 30 to 60 m so 
that the warpage of the substrate will be kept in the 
range of from 0 to 80 p. m . 

Then, the irreversibly thermally shrinkable film 7 
and the single crystal silicon substrate 1 are ground 
as illustrated in Fig. 1 j. This grinding is earned out by 
the conventional grinding technique with the in-evers- 
ibly thermally shrinkable film 7 held upwardly and the 
substrate kept in contact with the glass plate 9 
through the medium such as of wax. Since the war- 
page of the substrate is so small as to fall in the range 
of from 0 to 80 ^l m , the substrate can adhere with 
satisfactory fastness to the glass plate 9 and the inre- 
versibly thermally shrinkable rilm 7 and the single 
crystal silicon substrate 1 can be satisfactorily 
ground. By continuing this grinding till the single crys- 
tal silicon islands are completely separated, the single 
crystal silicon islands in the produced dielectric-sepa- 
ration substrate are enabled to acquire a uniform 
thickness. 

Incidentally, when the thermally shrinkable film 7 
is ground, the substrate ceases to generate a force 
tending to warp itself convexly toward the polycrystal- 
line silicon layers side. During the grinding, therefore, 
the substrate tends to warp concavely toward the 
polycrystalline silicon layer 8 side. In this case, If the 
strength with which the substrate adheres to the glass 
plate 9 is weak, the substrate is suffered to warp con- 
cavely toward the polycrystalline layer 8. When the 
grinding is continued in spite of this concave warpage, 
the single crystal silicon islands cannot be completely 
separated cannot be given a uniform thickness. This 
drawback may be precluded by removing the sub- 
strate from the glass plate after the irreversibly ther- 
mally shrinkable film 7, giving an oxidizing treatment 
as illustrated in Fig. 1 1 to the substrate which has gen- 
erated a warpage concavely toward the polycrystal- 
line silicon layer 8, and then removing the oxide film 
from the surface of the single crystal silicon layer and 
the surface of the polycrystalline silicon layer thereby 
correcting the warp to a size falling in the range of 
from 0 to 80 m. Fig. 1 k to Fig. 1 m depict the process 
just described which is optionally adopted. The oper- 
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ation of production advances from the step of Fig. 1 j 
directly to that of Fig. 1 o unless the special situation 
described above is present. The oxidation of the sut>- 
strate is carried out by the conventional method. The 
wet oxidation, for example, is effected with H2O/O2 at 
1 1SO'C for a period in the range of from three to 12 
hours. In consequence of this oxidizing treatment, the 
single crystal silicon substrate 1 has the surface 
thereof oxidized and converted into an oxide film 10 
whereas the polycrystalline silicon layer 8 is caused 
to fomi a polycrystalline silicon layer region 1 1 having 
oxygen diffused on the grain boundary downwardly 
from the surface thereof in addition to the oxide film 
10. Since the oxygen is segregated along the grain 
boundary, the polycrystalline silicon layer 8 is expan- 
ded and, as a result, the concave warpage of the sut>- 
strate toward the polycrystalline silicon layer 8 side is 
reduced to a level falling approximately in the range 
of from 0 to 80(i m . 

The oxide film 10 and the single crystal silicon 
substrate 1 in their ensuant state are ground by the 
conventional grinding technique with the single crys- 
tal silicon substrate 1 kept upwardly and the substrate 
held in contact with the glass piate 9 through the 
medium such as of wax as illustrated in Fig. 1 n. Since 
the warpage of the substrate at the time of the contact 
is small, the substrate adheres fast satisfactorily to the 
glass plate 9. As a result, the produced dielectric- 
separ^i::cr; ^i.:^:^-:^ '.T ras j:r:^;3 crystal siliccn 
islands 12 separated completely and ground to a 
unifomi thickness as illustrated in Fig. 1 o. 

By the process of production described above, 
there can be produced a dielectric-separation sub- 
strate which has no warpage in the substrate and con- 
tains single crystal silicon islands finished in a uniform 
thickness and separated completely. 

As is dear from the foregoing description, the 
method of this invention for the production of a dielec- 
tric-separation substrate is capable of con'ecting a 
warpage generated in the substrate and therefore 
producing a dielectric-separation substrate having 
single crystal silicon islands finished in a uniform 
thickness and separated completely. Thus, the pre- 
sent invention warrants production of semiconductor 
integrated circuits in a high yield. 



polycrystalline silicon on said single crystal silt- 
con substrate, grinding the surface of the depo- 
sited polycrystalline silicon layer, and thereafter 
grinding said single crystal silicon substrate in 
5 conjunction with said irreversibly thermally 

shrinkable film. 

. 2. A method according to claim 1 , wherein said 
polycrystalline silicon is deposited at a tempera- 

10 ture in the range of from 1100°C to 1250''C and 

said irreversibly thermally shrinkable film is a sili- 
con nitride film or silicon oxynitride film (SiOxNy, 
providing Y/X s 2) fonned by the plasma CVD 
method at a temperature in the range of from 

15 300°C to 450''C. 

3. A method according to claim 2. wherein said sili- 
con nitride or silicon oxynitride film (SiO^Ny, pro- 
viding Y/X s 2) is fonned by the LPCVD method 

20 at a temperature in the range of from 650°C to 

4. A method according to any of claims 1 to 3, which 
further comprises removing said irreversibly ther- 

25 mally shrinkable film, forming a thermal oxide film 

on the surface of said polycrystalline silicon layer, 
and thereafter grinding said single crystal sub- 
strate. 

30 
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Claims 

1. A method for the production of a dielectric-sepa- so 
ration substrate having a supporting member 
made of polycrystaline silicon, characterized by 
forming a thermal oxide film on a single crystal 
silicon substrate having grooves incised in adv- 
ance therein, then forming an irreversibly ther- 55 
mally shrinkable film on the rear surface of said 
single crystal silicon substrate prior to depositing 
polycrystalline silicon, subsequently depositing 



6 



EP 0 493 116 A2 



FIG. la 



F IG. lb 



I- 

2^ 



Miiiiimii liiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiHiHiiiniiiiiHiiiiiiniHiimiii 



iitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiuimiiiiiniiiiiniiiiiiiiiHiiHiiiiini" 



FIG Jc 



3- 



^X TTTTTTTTTTTTTIIIIlltllllllllltlltlllllllllllllllll^ 



-/ 



3- 



FIG. Id 



DDOI 



7 



EP 0 493 116 A2 



5- 



FlG.le 



I 



1- 



"^ nni[iiiiiiiifT>> 



FIG. If 



> f)inn iiiiinn 

iinmnTTT 



FIG.lg 




^v^^mnrnTTTrnr^ 



FIG.lh 




i H ii mii i im i tmum m i nni i ittim i i i i i H ii M i imiimmniiiMitt 



8 



EP0 493 116 A2 



FlG.li 




iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiHHiiiiiiiiiiK 



7 



FIG.1 j 



2 



MiiiiiMiiiiiiiiiiiniiHiiiiiiiiiiiiiiiiiiiiiiinriiiiiiiiiiiiiiiiiiiiiHiiiHiimiii 



■6 
1 




FIG. Ik 




2 
■6 



FIG. I I 



EP 0 493 116 A2 




FIG. In 





10 



EP 0 493 116 A2 



16 



FIG. 2a 

15 



14 



FIG. 2b 





11 



EP 0 493 116 A2 



F IG. 3 




F IG.4 




12 



